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IVYRODUCTION 


A stick of explosive is a package of stored energy tnat can be re- 
leased when needed to blast rocks, coal, and other materials; but, unlike 
fuels such as coal and gasoline, its potential encrsy is self-contained, 
there being enough oxygen within the package to complete tne almost in- 
stantaneous reaction. - When an e:splosive is ignited or detonated, t he 
solid or liquid materials of which it is composed are converted rapidly 
into highly heated gases, which, if free to expand, would have a volume 
many times larger than that of the original explosive. At the instant 
of explosion these gases occupy only the volume ‘of the shot hole md are 
therefore produced at a very high pressure, which causes the material that 
is being blasted to be broken or disrupted. In blasting coal effici ently 
the proper placement of tne shot hole and the confinement of the explosive 
therein are both of primo importance. When these are not adjusted properly, 
only a small amount of the energy is expended in bringing down coal, con- 
sngquently the balance of the energy tends to be expended by the emission of 
a flame into the working plece that may lead to a G28 or dust explosion. 


Permissible S-plosives Derined 


The term "permissible exvlosive", as eeniied by the Bureau of Mines 
to explosivas. it has approved for use in blasting in coal mines, embraces 
not only the requirement thet tne explosive, when used, snell be similar in 
all respects.to the basic samole that passed all the tests necessary for its 
admission to. the published permissible. list, but also that the explosive 
shall be used under. certain prescribed requirements. 


The most limortant. tests. for the. determination of permissibility are 
those in which charges of the’exolosive are fired from a cannon into a 
gallery oe explosive mixtures of air end natural gas or air, natural 
gas, and coal dust.. An exnlosive passes these tests when it does not cause 
any ignition of ae gas Mixtures. .Otner tests are made to determine the 
strength cheracteristics of the. pA DEOSs as ard also its sensitivity to fric- 
tional impact and detonation. 
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ntities of Exvlosives Used 


The coale:sining industry in the United States used almost 141 £00, 000 
pounds of explosives in « recent lé=month period, or over one-third of the. 
explosives used for all purposes. Of the explosives used for coal-mining, 
tue percentages of black blasting powder, permissible explosives, and dyna 
mites were, respectively, 46, 35, and 19. 


Since May 15, 1909, wnen the first permissible list of 17 explosives 
was published by the Technologic Branch of the Geological Survey, over one 
billion pounds of these explosives have been used, replacing a much larger 
quantity of black blasting powder. While only about 4 percent of the total 
quantity of explosives in 1909 were permissible, this figure increased rapid- 
ly and in 1919 had increased four times: xs alresdy stated, 35 percent of 
all explosives now used in coal mines are nemissibles. The quantity of 
black blasting powdsr used at present exceeds thet of permissible explosives. 


Due to the superior strength characteristics of permissible explosives 
as compared with black blasting powder, 50 percent may be a fair estimate 
for the quantity of all coal blested in the United States by permis sible 
explosives, and it is believed that the mines that use permissible explosives 
include most of those that migkt be classed as tne more hazardous ones in 
respect to gas and coel cust. 


The dynamites were used mostly in rock-blasting incident to the mining 
of coal, such as drivin; tunnels, removing rock roof or floor, amd possibly 
in coal~stripping operations, so that it is quite likely that only a very 
small quantity was used for blasting coal. 


Herly Blasting 


Prior to the introcuctior of explosives for maxing excavations under+ 
ground, a fire was started at tue face to heat the rock; quenching with 
water caused it to crack and srall. This was known as the fire~setting 
method. : 


Before black blasting powder was used as a blasting agent, it is most 
likely that the pick ond wedge were used exclusively for the extraction of 
Coal. Black blasting vowder wes first used in Zrglish mines sone time early 
in the nineteenth century, although it had been known andused in other ways 
for five centuries. The introduction of black blasting powder opened the 
way Tor a rapid increase in the production of coal because the sinking of 
shefts and miking of other openirgs for the development of coal bails was 
greatly facilitated. 
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In the United States prior to 1909 black blasting powder was practically 
the only explosive used for blasting coal, end its use increased with the 
ever-increasing vroduction of coal. Unfortunrtely, hovever, mine explosions 
occurred frequertly and many of these were caused by the firing of either 
black blasting powder or dynamite. 


Developnernt of Permissible Exvlosives 


Literally, no explosive can be considered entirely safe under each md 
every condition except in a relative wary. As early as 1902, 7 years before 
the issuance in 1909 of a pvermissible list of explosives by the United States 
Government, manufacturers hud introduced modified dynamites with a view to 
decreasirg the ignition hazards attending the firing of shots in coal uirs. 
Subsequent study ond research regarding the safety, efficiency, am econonm- 

cal use of a lurge variety of explosives hes led to tne develooment cof whet 
are now termed in the United States rermissible explosives. These explo- 
sives are not nearly as lixely to ignite explosive mine atmosvheres as are 
the explosives that will not vonss the Buresnuls tests--blacl blasting powder, 
liquid oxygen explosives, and various classes and grades of dynanites. 


CHARACTSRISTICS CF WCNPERMISSIBLs #XFLOSIVES 


Flack Blasting Fowder 


Black blasting powder--a nonnermissible explosive that contains charceal 
intinately incorporated witn sodium nitrete and sulpkur--is a deflagratin: 
explosive burning rapidly when i.zmited under confinement. The granular 
forms of black blasting powder sre divided into srades according to the size 
of grains as separated and oliected by sieves hnuving different sizes of 
round openings. The sizes most usually offered for sale are called CoC, 

CC, F, FF, FFF, and FFFF. Of these, CCC represents the largest gmins, 
about 5/8 inch in diameter, and FFFF the smellest grains, about 1/16 inch 

in diameter. The FFF¥-—about 1/8 inch in diameter--is used to the greatest 
extent in blasting coel, folloved by Fr, which is about 1/4 inch in diameter. 
The grains are sometimes clazed with granhite to render them free-running 
andto render thei some what more innervious to moisture. 


Pellet powder-~Pellet povder, which was first introduced in the United 
States about le years ago, is unglazed black blasting powder pressed into 
a cylindrical form having along the axis a hole for the insertion of the 
means of ignition-<-fuse or squib. Three-fiftis of the black blasting powder 
is in pellet fora, but is no safer to fire in the presence of gras ard coal 
dust than the granular vuriet;. 


Comparative tests--Bureau of Mines tests have shown that a 1/10-ouner 
charge of black blasting povder (gtanular or pellet) tamped with 1 pound 
of fireclay stemaing, when firei into an explosive mixture of inflammable 
gas will cause the ignition of an 8=-percent zasenir mixture confined ina 


gallery, whereas ell permissible explosives have passed this test with a 
charge over (0 times as high. 
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Hazards in handling and use-~-In handling and using black blasting 
powder, the hazards that arise are due to its ready ignition by flame and 
sparks and the dangers that attend thehandling of the metal keg in which 
the granular povder is usually stored. The dangerous practice of making. 
a hole in the keg with a pick, bar, or even with a wooden tool has caused 
many fatal accidents. <A miner's open light, when in contact with the ex 
terior of a keg of powder, will cause an ignition in 2 to 3 minutes, ac- 
companied by a large voluze of ‘flane. When a keg was fired experimentally 
in the open at the Explosives Testing Station, the fleme scormed objects 
over 50 feet avey. Imagine the hazards of such an ignition underground. 
Examinations of the remains of many kegs after they had been ignited showed 
that the sides were opened up and flattened out, sometimes with the ends 
attached. 


The hazards just discussed in the handling and use of black blast- 
ing powder thoroughly establish its unfitness for use in coal mines. The 
West Virginia Department of Mines is to be congratulated on the success of 
its drive against the use of black blasting powder, which in that State 
has been largely replaced by permissible explosives. 


Liquid-Oxyzen Exnlosives 


Liquid-oxygen explosives, which are used to a somewhat limited oxtent 
for renoving the overburden in coal~stripping operations, are not suitable 
for blasting in underground coal mines. Liquic-ozxygen exvlosives are pre- 
pared from absorbent carbon blacks soeked in liquid oxysen, firing being 
done by electric blasting caps. Due to evnrnoration, the air in amine is 
enriched with oxygen during the soaking and loading of the cartridges; 
the hazards of gas and coal~dust explosions tnerefore are increased greatly. 
A highly explosive mixture of oxygen and coal dust would be formed if oxygen 
were spilled in the mine. The soaked cartridees are highly inflarmable. 
Large quantities of extremely toxic carbon monoxide are set free if the 
firing is done after a lapse of certain limited periods from the tine of 
soaking, and in tne event of longer periods of evaporation the cartridzes 
might detonate only pertly or just burn--all very great hazards. Further- 
more, no liquic-oxygen explosive has been developed that could be usd effi- 
ciently and at the same time pass the Bureau's gallery tests. 


Dynanites 


Figure 1 shows diagranmriatically the relationship of each of the 
explosives used industrially. It does not include liquid-oxyzen explosives, 
but among them are those commonly used in sinking shafts and driving tunrels 
and slopes. For these purposes the 40-percent and 60-percent dynanites are 
used to the greatest extent, the gelatine and annonia gelatins leading. In 
dry work, annonia dynamites are sometimes used: where the work is not too 
wet, ammonia gelatin dynanites are used; and for very wet work, th gelatin 
dynanites are used. 
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The first dynamite, which was introduced by Alfreil Nobel in 1367, 
consisted of a nixture containing up to 75 percent nitroglycerin cnd 
25 percent kieseluhr, a dope or inert absorbent composed mainly of silica. 
As kieselguhr is chemically inactive and adds nothing to the strength of 
the exnlosive, its strength was about eauivalent to the present-dey l.Q~nercen 
straight nitroglycerin dynanite, which contains nitroglycerin and an active 
done conteinins e. cerbdonaceous materiel mixed with sodium nitrate for absort- 
ing the nitroglycerin, which now usually contains a low-freezing ingredient. 
Anong tne carbonaceous materials commonly used are wood pulp, flour, sterch, 
etc. Ch-lk is added as an antacid or neutralizer, and sodiun nitmte is 
added to oxidize the carbonaceous material, thus adding to the strength of 
the dynasite. . 


Streight nitroglycerin dynamites are now rarely, if ever, used in rock- 
work. The strengths of all other dynenites are retec on the oesis cf the 
virious grades of straight dynemites, to which they most nearly correspcnd 
bailisticelly, not on tneir nitroglycerin content. This grading is done on 
a Veight-and-bulk basis, the latter being 2a stics-for-stick basis. The mils 
basis is usuelly applied to the senigelatins and low-density dyn mites, 
woica will be ciscussed later. 

with the exception of the straignt nitroglycerin ond straight gelatin 
dynanites, all dyncemites contain enmoniun nitrate as the principal explosive 
ingredient. Ammoniwi nitrate when properly detoneted makes an excellent 
explosive; however, it is necesssry to adi to it a more sensitive explosive 
ingredient. The one most cortinonly used for this purpose is liquid nitro- 
glycerin. <A quentity of cirboracecus meterial is added adequate to absorbd 
the nitroglycerin, which the menufacturer calls "explosive oil." Sodium 
nitrate is acded te oxicize the czarbonnceous adsorbent. Such explosives 
are known as ammonia cynanites, and most of then range in strength fron 
15-rvercent to 60-percent zrade, which maxes thea suitable for many differ- 
ent kinds of blasting, verticularly if the place where they will be used 
is dry. About 110 of these dynamite sticks are furnished in a 50-pound 
case. If the places are wet, if may be desirable to use a gelatin dynamite 
or a straight nitroglycerin aynanite, since amnmoniui nitrate is very 
hygroscopic. 


The gelatin cynemites contain nitroglycerin geletinized ty the addition 
of a small percentase cr nitrocellulose. Blasting gelatin consists alzost 
entirely of nitroglycerin ard nitrocotton. It is made in only one grade-- 
LOO-nercent strength--with cbdout 102 sticks to the 50-pound case, and is 
perhaps the stronzest explosive preverea for industrial use. In naking the 
different grades of gelatin dynanites (20 to 90 percent), blasting gelatin 
is diluted by the addition of carbonaceous materials and sodiun nitrate. 
The straight sclatin dymenites have a 96-stick count. The anmonia gelatins, 
that is those gelatin dynuaites in which a portion of the nitroglycerin 
is replaced by ammoniua nitrate, rance fro 30 to 90-percent grade, with > 
90-stick count. They are very suitable for wet blasting on account of 
their water-resisting: prooerties,. 
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There is still another class of explosive quite largely used in wet 
blasting, known as senigelatin, which contains a smaller proportion of the 
gelatinized nitroslycerin than other explosives of the geletinous type. 

This class of dynomite is rated on a bulk basis ranging fron 45 to 60 percent, 
with a stick count of about 115. 

In the ammonia low-density dynauites, amu.onium nitrate is used largely 
as the explosive ingredient; the nunber of sticks furnished in a 50-pound 
case ranges from about 115 to about 172, explosives of this class being 
rated on a bulk basis of 20 to 55 percent, respectively. 


CHARACTERISTICS OF PERMISSIBL& EXPLOSIVES 


Except for two brands of the gelatinous type, all permissible explosives 
contain eamnoniun nitrate. Most of them contain nitroglycerin to sensitize 
the ammoniun nitrate: otherwise, some other sensitizer is used, as, for ex~ 
ample, nitrostarch, a solid ingredient. The emnonia permissible explosives 
correspond closely to the high-count amnionia dynamites especially modified 
to pass the Bureau of Mines tests for permissibility. This nodification is 
brought about by the proper provortioning cf the ecnrboneceous material and 
the cooling salts--sodium nitrate or sodium chlorides; sonetines both of 
these are used to, ether. Ina general way, the quantities of carbonaceous 
naterials and cooling salts increase with the increase in stick count. The 
stick count may be as low as 113 and as high as 264 per 50-p..und case. 


The strengtn characteristics of permissible explosives heave a very wide 
rance, depending somewhat on the stick count. However, explosives should 
be furnishad to the miner for blasting in coal mines on en efficiency 
basis only. An explosive that might be very suitable for one condition may 
be entirely unsuiteble for another, and the question of profits to the 
operntor on explosives furnished to the miner should be entirely subordinnte 
to these considerations. 


etek) SoU St eis Stet Se 


The introduction of low-density permissible explosives has been a 
Gradual one but has been extremely important in increasing the production 
of lump coal in aany mines. Twenty years ago, stick counts fcr a 1-1/4- by 
8-inch cartridge were between 123 and 142 for the anmoniun nitrate class, 
whereas at present there are brands having 227 to 264 sticks per 50-pound 
case. The use of these very low-density explosives has come about only 
Within the last 10 years. The first very low-density explosive was placed 
On the pernissible list in 1927. Theuse of a properly selected low-density 
pemissible explosive promotes snrety in mining conl by restrainin; the 
inclination of mixers to overcl.srge the shot hole, while an econonical ad- 
vantaze frequently results in the increase in tne percentcoyve of lump coal 
obtained. 
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Permissible explosives with stick counts cf 225 to 250 nave epproxi- 
mately the sane strengtn on a bulk basis as black blasting powder. 


Gelatinous Permissible Expicsives 


The gelatinous nernissible explosives, which have stick counts between 
92 and 133, were introdiced in 1924 for blasting rock in coal mines. In ¥et 
mines they have been used for shooting coal. 

The gelstinous permissible explosives are gelatin cynenites, usually 
containins amnoniut nitrate but modified to render them sefe for use in ass; 
and dusty coal mines. 


Foisonous Gases 


All permissible explosives when detonated eit sone poisonous gases; 
therefore, care should be taken to remove these <eses by ventilation before 
the nen return to tne face efter firings a shot. The Bureau of Mines pernis- 
sible limit of 152 liters (5.6 cubic feet) per 1-1/2 pounds of explosive 
was establisned on the basis of firing one shot et a tine. If for any reas»: 
(ns, for example, in driving rock tunnels) large charsees of permissible 
explosives are fired in the round, exceptional vrecautions should be teken 
to remove the sases after the blrst because only a very few of the permis~ 
sible explosives eit less poiscnous goses than do 40-percent gelatin or 
ammonia geletin dynaiite, and even vhen blasting with the latter adequate 
ventilation should always be provided. 


The simplest explosive reaction is that represented by the detonetion 
of a liquid oxygen explosive, carbon and oxysen conbinin:; to form carbon 
dioxide, usually accomp:nied by some hydrogen and carvon monoxide, which is 
@ poisonous gas. However, .itrosen is liberated from fest of the industrial 
explosives owing to the decomposition of the nitrates they contain. Water 
in the form of vapor andusually carbon monoxide and hydrogen are formed in 
varying amounts, dependinz on the oxygen bealnnce of the explosive. Since 
some explosives contain sulphur, they may, on detonation, evolve hydrogen 
sulphide, which is a polsonous gs. 


DETONATICH OF EXPLOSIVzS 


Explosives used in coal mines are detonated ov inenns of a priner, a 
stick of explosive in which an electric blasting crp Is inserted. 


Blectric Blasting Cans 
One of the Bureau of Mines vrescribed requirenents in using permissible 


explosives is that electric detonators, callec also electric blasting caps, 
shall have a strength of not less than No. 6. 
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An electric blasting cap consists of a small, cylindrical capsule 
usually made of copper. This capsule contains a powerful detonating compound, 
whicn, when ignited directly or through sone intermediate compound by elec- 
trical means, initiates detonation in the explosive (or primer) in which it 
is embedded. The ignition within tne capsule is eccomplished by heating 
electrically a bridge-wire, which is embedded either in a loosely packed 
detonating charge or in = matchhecd. The bridge-wire is made of some non- 
corrosive alloy having a diameter of epproximately 15/10,000 inch. The ends 
of the bridge-wire are connected between the ends of the leg wires, which 
are held in a cast-sulphur ply: or paper tuve. In order to prevent the 
infiltration into the cap, of water that might render the detonating charge 
ineffective, tne cap is filled above the bridze-wire assembly with a water- 
proofing composition. above it is a sulphur seal, which completes the 
filling of the cansule. In the waterproofed cap for blasting under a high 
water pressure tho lengths of the cap and of the waterproofing compound are 
incrersed. 


Electric blasting caps are assembled for the trade in a nunber of ways; 
however, the nost importent requirenent is that the leg wires must be shunted. 
Some States have regulations requiring that the shunt be kept in ploce until 
the hole kas been tarmed. This is a coud rule to follow, even in the absence 
of such & regulsetion or law. 


Primers 


Only a shot firer snould prepere the priner. The electric blasting 
cap should be inserted in the primer so thet the chargec. erd cf the electric 
blasting can points toward tho main part or the explosive charge, because 
the electric blastin,; cap produces a powerful shock, which exerts its createst 
effect on tue charge of explosive away from the charged end of the cep and in 
line witn its longer exis. If there is a lack of care in the preparing and 
placing the primer, misfires, hangfires, or burnings of the charees in the 
holes are liable to occur. Failure of the churce to explode may also be due 
to a nunber of supplementary causes, such as dann explosive at the cut end 
of a stick of exvlosive cr dirt dsetween tne sticks. 


There are a nunber of methods of prevorin,: the primer that fulfill the 
above requirements and others that, while not strictly fulfillin; then, may 
be used to meet special or umisual conditions. In making priners it is also 
important that the electric blastinz cap be secured _in the primer so that it 
cannot be pulled out during tne preparation and firing of the charge. Kinking 
of the leg wires or theuse of nalf hitcnes to fasten these wires should be 
avoided wherever possible, ag tnese are liable to cause broken wires or short 
circuits. The le-; wires snould be protected as much as possible against 
injury. 
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explosives are 1-1/2 inches or less in diameter is to noke (with a wooden 
skewer) a transverse hole through the stick (fig. 2). This hole is made 
et a point arout 3 inches fron ono erd of the stick oni ancther hole is 
punched straizht in along: the center of the sticx from the same end and 
deep enough so tnat the electric blasting cep can be entirely enbedded in 
tne stick. The lee wires or tne electric bdlastins enp ore threaded throu.h 
the transverse hole and then pullec through it until the electric blasting 
cap is within about 5 inches of the side of the stick. After the electric 
blasting cap has deen inserted in the central hole, the lees skould be dram 
tight end then brought up alone the side of the stick toward the end in 
vhnicn the electric blasting cap has been inserted. 


lethod 2--The second method is used for a 1-3/4- or 2-inch-cisneter 
stick 6 inches long, the size commonly used in Illinois. This method can 
also be used for 1-1/4-inch or 1-1/2-inch sticks when the explosive ingre- 
dients are not hard or packed tightli; otherwise nethod 1 or even method 3 
can be used. In prevaring the vriner by method 2, a hole is nunched with s 
wooaen skewer in ~ slanting direction fron near tne middle of one end of 
tne stick to coue out at the side 2 or 3 inches from the end. The legs are 
now doubled at a point abtcut 10 inches fron the electric blasting cap, and 
the doubled wires are tureaced through this hole. A second hole is puncned 
straight intc the sane end cf the stick and as near the center as possible 
and of such a depth that the e1ectric detonator crn be entirely embedded in 
the stick. The slack on the wires is taken up anc. the explosive pressed 
firmly around the electric blnsting cap. 


Method 4—8The third method is «a modificetion of mathod 2 and can be 
used for 1l-1/4-inck or l-1/2-inch eticks when the explosive ingredients are 
hard or packed tight. In following this metnod, tne hole for the electric 
blasting cap is a slanting one made et a convenient distance from the end 
in the side of the stick in such a manner thet when the electric blacting 
cap is inserted, its charges end is near the axis of the stick; otherwise, 
the procedure is the sane as for method 2. 


Objectionabla nmethsdse-The last two methods illustrated in figure e 
are objectionable mainly becouse in following either of them the charged end 
of the electric btlastin.z can points away from the bulk of the charge if tne 
primer is placed lost in the shot hole. Furthermore, the charged end of tre 
electric blastinz cap is near the side cf the stick rather than at its 
longer axis. This is an undesirable position, because an electric blasting 
cap should not be placed in any position whereby the pressure of pushing 
the primer into the Dorehole ay ceuse the end of the electric detonator to 
protrude through the cartridge and scrape against the wall of the hole. 
Friction against the charged end cf the electric blasting cap might easily 
cause a prenature explosion. 
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Figure 2.— Methods of preparing primers. 
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Primers for dvnamites--In shafts and tunnels where dynamites sare used 
for blasting, the primers can be prepared by methods 1, e, or 3, when they 
are placed last in the hole. However, there are conditions under which it 
may be desirable to place the primer first in the hole, as will be pointed 
out in this peper in connection with recommendations designed to prevent a 
certain type cf tlasting accident in sinking shafts. Wnere the primer is to 
be placed in the bottom of the hole, the charged end of the electric blasting 
cap or delay-electric detonator points toward the main vortion of the explo- 
sive charge. Method 1 is modified by bringing the legs of the electric blast- 
ing cap up along tne side of the stick toward the end opposite the one in 
which the cap is inserted. 


Method ll--Another method can also be used; the wires are separated, a 
half-hiten of one wire is made around the stick about e inches from the 
detonator and the hnalf-hitch with the other wire is made abovt 2 inches from 
the other end of the stick, the half-hitcnes being on opposite sides of the 
stick. It is possible that the insulation of both wires will be cut at the 
hitch when the half-—hitches are made with both wires togetner, with the 
probability of a misfire when an attempt is made to fire tne shot. It is 
therefore an advantage to make each half-hitch senarately and at different 
points along the stick, altnough the use of halfhitches is the worst festure 
of this method. 


Delav-Action Detonators 


Delay—-action detonators mist not be used with permissible explosives. 
They can be usec to advantage, however, in shaft sinlti«;; ana in driving 
tunnels in rock where dynamites are used. In priming with such devices, 
the practices recommended for instantaneous electric blasting caps usually 
can be followed. If trouble is experienced with small-diameter cartridges, 
slit the cartridges lengthwise down one side, pluce the deley between the 
halves, then bring tne halves together and tia tishtly with string. 

Blasting Units 

Permissible single-shot blasting units are a safe source of electrical 
energy for firing an electric blasting cap. Storage~battery and dry—cell 
units are an inductance~free source of electricnrl energy. Units of the 
hagneto type generate electrical energy by the votationof a coil or coils 
of conductors in a magnetic field, and these coils, when rotating, have 
self-inductance that cannot be avoided satisfactorily. However, the elec-~ 
trical energy in the nermissible single-shot units is limited so that they 
will not yield sparks tn-t can ignite firedamp. 


A blasting unit should be enred for properly. If moisture -nd coal 
dust reach the inside, the urit may be rendered unfit for use and thus 
become the cause of misfires. Shot firers and all users of blasting units 
should be instructed as to the proper method of their care and use. At 
some mines the shot firer or miner is required to turn in his firing battery 
when he reaches the surface, and a storage place is provided where the 
moisture absorbed durirg the dry can be dried out. 
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In the blasting unit of the generator type the handle should be twisted 
so as to get the generatorup to its hignest speed. It is not necessary 
to "warm up" these units before giving them the final twist. Any defect 
in a blasting unit should be reported immediately to one of the mine official's. 
Recently the Bureau of Kines has issved Schedule 16-A, whicn sets forth the 
requirements for a multiple-shot blasting unit to fire 10 shots at a time. 
It is specified that tne duration of the current, which is to be of a low 
tension, shall be 4 to 6 millisecond. One aynproval has been made under this 
schedule. The Bureau recognizes that under some conditions special hazards 
may @xist in firing shots separately. 


STORING AND DISTRIBUTING EAPLOSIVES 


The responsibility of a ccal onerator begins vnon the receipt of the 
exrlosive at the mine. Due to the dangers attending tne storing, transporting 
handling, and use of explosives, it is edvisable to detail these operations 
to as few reliable nen ag possidle. 


Ney os . 
MAUEAZLNeS 
pS ran A tO ES 


Proper storaze facilities are essential, therefore, in designing 4 new 
Magazine; its size must be decided wnon, and suitable materials must be 
selected for its construction. ifhen tne site is cnosen, advantage should be 
taken of hills, wnicn may be used as natural barricades. The site and con~ 
struction of the ita.sazine should meet the requirements of local and State 
laws. Tne distance of a mnguzine from inhabited buildings and public rail- 
roads and highways should not be less than those prescribed in the American’ 
Table of Distances.4/ Sevarate wagazines mist be orovided for electric 
blasting caps, black blastinz powder, and hish explosives, which include 
permissible explosives. Auxiliary or distributing magazines may be provided 
for the explosives required for one day's use. All magazines should be 
ventilated end barricaded by either naturnl or artificial barriers. Proper 
drainage around mogazines is essential. Three tyres of magazines have been 
found most suitable for storing high explosives. The first type of magazine 
is constructed of medium-soft brick laid in cement mortar with the roof 
bullet-proofed with a sand filling. 


In the second type, a weak cement mortar filling between a wooden 
inner and outer lining is used, the outside of the magazine being fireproofed 
* Cl e Ld 
with not less thin 20—-gage black or galvanized iron. 


Institute of Makers of Explosive , amended Pamphlet No.2 (1919), American 
Table of Distances; 103 Park Ave., New York. 
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The third type may be one of the standard types of portable steel 
magazines bullet-proofed with week cement mortar or with 4 inches of brick 
laid in cement uortar, or lined with wood. 


For the storage of black blasting powder a fourth type ofmagazine has 
been found very satisfactory. The outside is sheathed with 7/8-inch lumber 
nailed to studding and fire»proofec, zs is the second type. 


Any one of these types of mazazines is suitable for the storage of 
detonators and electric blasting caps. 


In localities where deliveries can be made promptly on snort notice, a 
2,00Q-nound=capacity magazine is adequate. In an isolatea region, where the 
mine may have a large production, a magazine of 20,00° to 40,00 pounds capa- 
city may be needed. A magezine in which 40,000 pounds of explosive is stored 
should have outside dimensions of at least 14 by 19 feet, by 8 feet high 
under the eaves. Such a magazine, wnen barricaced and locited in accordance 
with the American Table of Distances, should be at least 1,°/5 feet fron 
the nearest inhabited building, 765 feet from a public railroad, and 360 
feet from a public highway. These distances can be reduced about half for 
®, magazine in which only 2,000 pounds of exnlosive is stored. Unbarricaded 
magazines must be located at twice the distance that barricaded magazines 
are located from inhabited buildings and other improvements. 


The grounds within at leest 60 feet of a magazine should be kept clear 
ofecombustible materials, such as leaves, cry gross, stumss, and debris as 4 
precautionary measure against fire. 


Tne cases of the older explosive should be placed in the front part of 
the magazine so that the oldest stock is used as soon as possible. They 
should also be stored so that a space of a few inches is left between the 
walls and the cases, thus providing for prover circulation of air in the 
magazine. To guard against leakage of nitroglycerin from tne sticks, 
the cases shoula be placed so that the sticks of explosive are stored 
horizontally and not on their ends. 


The floor of magazines should be swept regulerly and kept clean. If 
the woodwork becomes stained with nitroglycerin, it should be scrubbed with 
a solution of hoilf e gellon of water, half a gallon of wood elcohol, and 
2 pounds of sodium sulphide: a stiff broom, herd brush, or mop should be 
used with plenty of tne liquid so as to decompose thenitroglycerin thoroughly. 


Csses of Hien Exnlosives 


Onening 


Before the explosives are distributed to the miner, the cases in which 
they are conteined must be onennd. This should not be done in or near a 
magazine. Only wooden tools should be used for opening the cases, and no 
kind of metal tool, such as a nail puller, hemor, hatchet, or chisel, 
should be employed. 
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The lid can be priea off the case by setting tne case on eni, holding 
a wooden block wrere the lid is fastened to the case, and then strixing the 
block with a mallat. The case is then set right-side up and one end of the 
lid is raised; a wooden rod is placed uncer the other end and the lid 
pressed down at the erd previously raised: in this way the lid can be 
separated entirely from the case. 


By another method, the case is stood on erd, as in the previous method, 
and tien a sharp herdwood wedge placed at a corner of the case about 1-1/2 
inches below tne lid is struck a sharp blow with a wooden mallet. The opera- 
tion is repeated at tiie cther corner on the same end. Ordinarily the top 
will split off clean. 


Transuortation of Explosives 


In transporting explosives either to or from a mazazine, just as much 
care should te exercised on tne surface as undersround. 


Transportotion nazards in and around mines csn be guarded against best 
by using a specially coastructed insulated car or box for hauling explosives. 
Such a container skould be insulated by lining the inside witn thorougnly 
seasoned wood over which sheet asbestos should be placed. Another lining 
of wood should cover the asbestos. The wooden lining should be fastened 
by wooden pegs. No metal parts, sucn as bolts or nails, should be exposed 
inside the container. 


If an insulated car is drawn by an electric motor, an insulated coupling 
should be used tetweer. the rowder car and the car to which it is coupled. 
At least two emrty cars should intervene betwoen the powder car and the 
trolley locomotive. 


A storage-battery locomotive can be used in States that require all 
current in trolley wires and other conductors to be cut off when explosives 
are hauled. 


Electric blasting caps enc explosives should be transported together 
only in adeauately scparated compartments. Men should not be allowed to 
ride on any cage, skin, bucket, or czar in which explosivesem carried, except 
such employees as are necessary to oversee their handling, and such employees 
mist not smoke while engaged-in this work. Tools, timbers, and other 
materials must not be carried in tne car with explosives. Tne lrws of sone 
States permit the miners to carry their own explosives into the mine, and 
the shot firers may carry tne electric blasting caps. The container for 
either the miner's surply of explosives or for electric blasting caps should 
be made of an electrically nonconGucting mrterial, such as wood, fiber, or 
canvas. All explosives should be anportioned into the individual containers 
at the distributing magazines on the surface. The containers should be 
stored underground in portable, tightly locked wocden boxes, each heaving a 
lid that lavs over the sides of the box andthnt is strongly hinged. Battens 
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should be placed over ell joints so that the explosive may be protected from 
sparks, flame, and water. No electric blasting cons, tools, or pieces of 
metal, matcnes, or oily matearinl should be alloved in tne wooden boxes pro- 
vided for explosives. The powder box should be placed in a crosscut or 
recess, which should be at least 60 feet from the working face and so situ- 
ated that there will be no danger of the box being struck by flying pieces 
of coal or rock. An alternative method for storing the. miner's explosive 
end caps when in individual containers is to store them in cubbyholes ina 
crosscut. The container for the explosive may be in a cubbyhole on one side 
of the crosscut and the one for the blasting caps on the other side. These 
cubbyholes should not be too close to trolley wires or tracks. 


It is the custom of some miners to cache their explosives ana electric 
blasting caps under flat pieces of slate in the gob, but this is a dangerous 
practice and should be forbiaden. Explosives and electric blasting caps 
should not be left on the floor rear a rib because instances have been re- 
ported in which explosions of gas and coal dust have been started when the 
roof has fallen on explosives so plreced. 


PREMATURE EXPLOSIONS 


Premature or accidentel explosions at the working face usually are due 
to improper manipulation. A stick of explosive shoulda not ve forced into a 
hole, particularly if it is the primer with blasting cep embedded in it. 
Wooden tamping bars only should be employed. 


sensitiveness of en Exclosive to Friction 


Even if a vooden temping stick is used, the explosive must not be too 
sensitive to frictional impact. Explosives thet do not pass the Bureau of 
Mines pendulum friction test are not suitable for use in tlasting operations 
because they are liable to explode while beirg londed into = hole. Like 
other physical cheracteristics of explosives, we ean only consider them in a 
relative sense. 


Drilling into on Unrexplodedt Charee 


Almost all explosives will explode if subjected to a blow of sufficient 
intensity, (for example, if drilled into). In = recent accident while a 
shaft was being sunk o drill struck an unexnloced portion of a charge of 
explosive that was lodged in « "boot" left niter the previous round hed been 
fired. Possibly the wover vortion of the hole was dislodged by the firing 
of adjoining holes, the bottom of the charse thus being cut off before it 
could be fired from the uoper portion of charze. One of the ways of avoid- 
ing such unexoloded charges is to plnce the vrimer in the bottom of the hole. 
Other lessons taught by an investigsotion of this accident were, first, that 
where shots are fired in series be sure thet there is ro varistion in resist- 
ance of bridge wires of tne electric blasting cnps. It is imoossible to have 
this assurence if caps furnished by two or more different monufacturers are 
used in the seme circuit: second, the circuit should be examined with a 
testing galvanometer just prior to firing, and eeck individuel electric 
blasting cap should be tested before any attemmt is made to use it. 
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Hogards of Frozen Sxolosives 


Today, accidents due to handling frozen explosives are almost unknown, 
although not many years ago the use of explosives in winter was considered 
hazardous because it was necessary to thaw them before use, and too often 
this was undertaken in improper ways. As virtually all dynamites and per- 
missible exolosives contain nitroglycerin, which at ordinary temveratures 
is a viscous liquid, they will freeze to a solid at temveratures below 
55°F. Frozen explosive becomes very insensitive to explosion by means of 
a priner; singularly, however, while being thawed it develops extreme 
sensitiveness in handling, with the result that serious accidents--many of 
them fatal--have occurred from "thawing dynamite." 


To overcome this hazard, nitroglycerin is mixed with some material to 
to lower its freezing tempercture, such as liquid nitrotoluene, nitro- 
polyelycerin, and the more recently adopted ethylene-glycol-dinitrate, 
which has been mado available by modern chemical progress. 


Short~fusi ng 


Short-fusing csuses many vremature explosions of the charge because of 
insufficient time to place the cnerge in tne hole properly, tamp, and at 
the same time get away to a s=fe nliace before the exrlosion occurs. How- 
ever, this hazard does not exist when vermissible explosives are used with 
electric blasting caps, as prescribed by the Buresu of Mines. 


Insensitiveness of Zxvlosives 


Partial detonation of a charge of explosive or burning of the charge 
is more likely to be due to the insensitiveness of the explosive, and like 
a misfire, is rcerely due to a faulty electric blasting cap. While occasion- 
ally some explosives mey be abnormally insensitive when delivered to the 
user, an otherwise sensitive explosive may become insensitive by improper 
or too prolonged storaga. Permissible explosives deteriorate rapidly when 
taken into coal mines owing to the relatively higsh humidity. The miner 
often requires only a portion of = cartridze to ve used with one or more 
whole cartridges. Thus, the remaining portion of the cut cartridges may 
be returned either to the miner's cnrrying contniner or to a less-suitable 
place, where the cut end will absord moisture. Most of the ingredients of 
permissible explosives, perticularly ammonium nitrate, are highly hygroscopic 
and will absorb and retain moisture. Even when small amounts of moisture are 
absorbed, there is always a marked decrease in sensitiveness. In most 
instances wnere the increase of moisture reacnes 3 per cent, the explosive 
is very insensitive and is unfit for use in blasting. The storage of ex~ 
plosives in mines snould be limited to the shortest possible period and 
should not extend beyond one shift. 
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Misfires~-‘7hile misfires may sometimes be due to faulty electric 
blasting caps, they are more likely to be caused by lack of care by the 
shot firers and of prorer direction and supervision by mine officials as to 
methods of firing. To avoid misfires, firing batteries and all other shot- 
firing equipment shoulda be kept in perfect condition at all times. 


In making connections between the legs of the electric blasting caps 
and lead wiresor the firing cable, avoid merely hooking the ends together, 
because an electric current may not flow through such a connection. Unless 
the wires are properly twisted together, misfires probably will result. 
Above everything else, do not shoot from the trolley wire, because if any a2as 
is inthe place, or the place makes gas, an are from the ends of the lead 
wires near the face may ignite a gas-air mixture. Furthermore, disconnec- 
tions at the trolley wire cannot be made tne instant the can fires. Rubber- 
covered firing cables tendto reduce misfires. The size of the copper wire 
should not be less than No. 14 B&S gage. | 


Action of Explosives 


A question often esked is whether dynamite acts down and black blasting 
powder acts up. As a matter of fact, tne action of both of these explosives 
is equal in all cirections. If we took a stout wire screen supported hori- 
zontally and tied to it two sticks of dynamite at separate places--one on 
the underside and the other resting on the screen--unon firing the dynamite 
we would get holes identical in apnearance, except that it wouid be evident 
that the energy exerted in making each hole was applied in opposite direc- 
tions, one hole being made from underneath rnd the other from above the 
screen. | 


BLASTING WITE PERMISSIBLE EXPLOSIVES 


Prenaring the Face 


If the best blasting practices are followed in using permissible explo- 
sives, it is doubtful whether, as is so often claimed, a larger proportion 
of lump coal will be obtained by using black blasting powder. However, it 
will be necessary to standardize all operetions involved in drilling and 
blasting. Before this can be done, consideration should be given to such 
conditions as the thickness and pitch of the coal bed, the position of pert- 
ings and their thickness and extent, the toughness or brittleness of the coal, 
and the direction and nature of the cleats. 


In cleaning uv a working place, all overhunging faces should be barred 
down and the corners squared by trimming. 
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Cutting 


Shooting off the solid is done where no cuts or sheers are made. In 
such a case there is but one free face. An additional free face is provided 
by making an undercut, topeut, or sideshear. An undercut is generally the 
most desirable form of cut. A middlecut or overcut may be used instead of 
an undercut when some particularly vhysical conditions such as the presence 
of shale or bone bands (which may be removed by the cut) are present. Bad 
roof conditions can often be controlled by overcutting. 


As meny free faces as feasible should be prepared. aA middlecut or 
middleshear provides two additional free faces. The more free faces, the 
better the chance for the explosive to bring down the coal and for the 
amount of energy to be exerted by the explosive to be lessened. Not only 
is a blocky and firm product obtained, but safety also is increased. In 
cutting a room or entry there must be no sumping-in of the coal-cutter in 
a direction other than vereallel with the line of sights. Similarly, the 
pulling out of the cutting machine after it has cut ecross the face must be 
maintained parellel to the line of sights. Except in working places where 
arc-well machines are used for cutting, the best results are attained when 
the cuts ere of uniform depth ond square at the back corners. 7 


Snubbing 


snubbing increases the height or the undercut and provides an opportunity 
for the front portion of the coz. to roll forward when loosened by the 
blast. In snubbing, c wedze~shaped portion of cozl is removed just above 
the undercut, about 10 to 1% inches high in front and extending back until 
it tapers out at about helf tne depth of the undercutting. This operation 
usually is done by handwith pick andwedge, although sometimes it has been 
done mechanically. The snubbing operation cnn be nodified by shooting low 
short holes. Sometimes snubbing pains are placed in the kerf and by shooting 
the holes the coal released falls on the pans. The pans are then hitched to 
a mine locomotive and pulled out from under the cut. ° | 


Cleaning out Cut 


Close attention mst be givan to the cleaning out of the cut so that 
all coal duzt anc other broken coal are removed before shooting is begun. 
A scraper or long~handled shovel is the best tool for this purpose. Tha 
coal thus removed should be loaded into mine cars and removed from the 
working place before blasting is berun. This will reduce the dengers crising 
from the presence of coal dust. 


Drilling and Placement of Holes 


The holes should be drilled only efter the working nlace has been cut 
or sheared, otherwise their placement may not bear the proper relation to 
the cut. The number of holes anc their placement are by far the most im 
portant considerations in successful blasting. At a room face their 
number may range from two to five or many more. In many mines working the 
Pittsburgn bed, only two holes nre used, one at ench rib. 
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It nas been observed in mines where very thick beds of coal are worked 
that a large proportion of the fine coal is due to an insufficient number of 
holes thet may have exceeded the permissible limit of 1-1/2 pounds per hole. 
Where the number of holes per round is increased, the total weight of ex- 
plosive in the round may te less than the weight of that wnich would have to 
be employed where fewer holes are usec... Blown-out shots may result if the 
holes are deeper than the cut or shear. . The holes m-y parallel the side of 
the undercut but, due to its chanse in direction near the back of the cut, 
the end of the hole may be on the solid. "Dead holes" drilled entirely on 
the solid are very dangerous because the explosive is liable to expend almost 
its entire energy into the working place. 


In coal beds corresponding to and similer in physical characteristics 
to those of the Pittsburgh bed, each rib hole usually can be placed 12 
inches from the rib and the same distance below the roof. However, in the 
tougher coal beds of southern Illinois, as represented by the No. 6 bed, it 
is better to increase the distance between the rib and hole to 2 or even 3 
feet. The most favorable blesting in both instances is when the rib holes 
are almost flat and parallel to line of sights. The holes should not be 
drilled into the roof, as it may be brokenard rendered unsafe for future 
driving of the place. 


Charging the Hole 


Before a nole is chorged, the cuttings should be scraped out of it and 
the hole measured to see that it is not on the solid. In charging a shot 
hole, all the sticks of permissible explosive used should be pushed to the 
back of the shot hole at the same time by means of ao wooden tamping stick, 
the primer stick being placed last in the hole. 


Air-Spacing and Low-Density Explosives 


Cushioned blasting or sir-sracing has been used to a considerable ex- 
tent as a means of increasing lump corl. The necessity for its use does not 
exist to the same extent as formerly, not that the demsnd for lump coal has 
decreased but because we heave available low-density or high~count permissible 
explosives. By using them the energy cnn be distributed along the shot hole 
without changing the diemeter of tne stick. This is - decided advantage over 
reducing the dinmeter of the stick. The smnrller the diameter, the more likely 
it is that the explosive may not detonate completely. Experience has shown 
that less weight of a low-density explosive as compared with one of a higher 
density is required to brang down the coal, and if the lower~density explosive 
brings down the coal properly, there will be a larger percentage of lump 
coal. 


6911 -19- 


Google 


I.C. 7040 


If one has been using in a hole, say, two sticks of a very high density 
explosive of about 113 stick-count and changes to one of 225 stick-count, 
for the same azount of energy four sticks, or twine the length of charge, 
vould have to be used, a.tuough it is quite likely that this could be reduced 
to 3-1/2 sticks. It may be found, however, that four sticks will not bring 
down the coal because of too widespread a distribution of energy along the 
snot hole. In such an instance, it is doubtful whether a charge of more 
than four sticks would be any more successful, and therefore it might be 
advisable to try an explosive with a stick~count of 170. In certain beds 
of coal very low density explosives cannot be used, particularly if the beds 
are tough and hard. 


Tamming and Firing the Shot: 


Tuchole should be stemmed to the collar with incombustible stemming, such 
as clay or shale, which should be tightly tamped. Tight stemming is neces- 
sary to prevent possible issuance of flame. | 


the foregoing recommended procedure is teken from Decision 12 of the 
Mine Safety Borrd of the Burecou of Mines. This decision further recommends 
thet those who fire the shots shall be certified men and that they shall 
know what each hole contains before firing it, either by charging it them 
selves or having it charged uncer tneir immediate supervision. The above 
decision also recommenis, as an additional precaution, that where the 
organization of the mine anda other conditions permit, shot-firing with 
explosives shall be done when all men other then those authorized to fire 
shots are out of the mince. An alternate srfe method is to fire electrically 
and simultaneously from the surface after everybody has left the mine. 
Before and folloving each shot in a gassy and sligntly gassy mine, examina- 
tion for gas shall be made. 


The shunt on the legs of the electric blasting c20 should be removed 
only after the hole is tanped. 


The shot firer then connects the firing cable to the legs of the 
electric blasting cap. He should not unrecl the cable before making these 
connections. The cable, which should be 100 feet or more in length, is now 
unreeleduntil the shot firer reaches = plnce where he is guarded properly 
from flying pieces of meterial from the blast. Neglect by the shot firer 
or other workers in the imnediete vicinity to tele sroper shelter causes 
many fatalities and injuries. Precautionary rules to evoid accidents from 
the latter are usless unless observed. eS: | 


After the snct firer has removed the twist from the ends of the cable 
he can connect the blasting unit, calling "fire" before and efter making 
the connection. Every preceution should be taken to assure himself that 
everybody in the immediate vicinity of the blest has teken shelter. 


After the snot has been fired, the shot firer should disconnect the 
cable from the blasting unit, twist the tivo wires of the cable together, 
and then reel tne cable for moving to the next place. 
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